Sulfation and glucuronidation are considered major conjugation pathways for the detoxification of xenobiotics; therefore, the changes of both conjugation activities are associated with the toxicity of xenobiotics. Investigators reported that liver necrosis induced by chronic administration of acetaminophen increased glucuronidation, but did not change sulfation.
acid analogs was prepared by mixing 1 ml of a solution of biphenylcarboxylic acid analogs with 0.4 ml of a TB solution; this mixture was injected intravenously at 2.8 ml/kg. After the injection, urine and bile were collected for 24 h. For the assay of PPBA concentration in the tissues, a mixture of 14 C-PPBA (50 mmol/50 mCi/kg), TB (50 mmol/kg) and 3 H-inulin (10 mCi/kg) was injected intravenously. The intracellular concentration of PPBA in the liver was calculated by correcting for inulin space from 3 H-inulin concentration in the plasma and liver. 6) Experiments on Isolated Hepatocytes Hepatocytes from the rats were prepared according to the method of Holme et al. 7) Cell viability was determined by the trypan blue exclusion test and preparations in which more than 90% of cells excluded the dye were used. PPBA and 14 C-TB were added to tubes containing approximately 2ϫ10 6 cells suspended in 2 ml of Hanks'-Hepes buffer with 1% bovine serum albumin (BSA) and Na 2 SO 4 (six-fold concentration of 14 C-TB). Incubations were carried out at 37°C in an atmosphere of 95% O 2 /5% CO 2 .
Laboratory Investigation The incubation medium of isolated hepatocytes was obtained at appropriate times by centrifugation at 50 g for 1 min. The levels of GOT, GPT and LDH in the medium were determined using an automatic analyzer (Hitachi 736). For the determination of ATP, the isolated hepatocytes were incubated in the presence of PPBA and in the absence of PPBA for 1 h. ATP in the incubation system was measured according to the method of Carini et al.
8)

Treatment of Microsomes and Cytosol with PPBA
The microsomal and cytosolic fractions were obtained by centrifugation of the rat liver as described previously.
3) Microsomes (2.0 mg of protein) were incubated with PPBA in 2 ml of Tris-HCl buffer (pH 7.4) for 1 h at 4°C and centrifuged at 100000ϫg for 1 h. A control group was treated similarly, but in the absence of PPBA. The resultant sedi-ments (0.15 mg of protein) were resuspended in 0.1 ml of 20 mM Tris-HCl buffer (pH 7.4) and incubated with 14 C-TB (40 mmol), MgCl 2 (0.4 mmol) and UDPGA (4 mmol) as described previously.
3) Cytosol (60 mg of protein) was pretreated with PPBA in the same way as microsomes. This cytosol (0.5 mg of protein) was incubated with 14 C-TB (40 mmol), ATP (0.8 mmol), Na 2 SO 4 (320 mmol) and MgCl 2 (0.4 mmol) as described previously.
3)
Analysis The urine and bile samples and the incubation media of subcellular fractions were subjected to TLC as described previously.
3) The incubation medium of hepatocytes was centrifuged at 50 g for 1 min, and the supernatant was freeze-dried, followed by extraction with 50% methanol. Aliquots of the extracts were analyzed by TLC as described.
Statistical Analysis Degree of significance was determined using Student's t-test for paired samples. Values of pϾ0.05 were considered to be not significant. Table 1 shows the effects of PPBA on sulfation and glucuronidation of 14 C-TB following the intravenous injection of 14 C-TB and PPBA. When 14 C-TB was injected without PPBA, the amounts of sulfates and glucuronides excreted were 7.13 mmol and 5.76 mmol, respectively; the sulfate/glucuronide ratio was 1.24. With concomitant injection of PPBA, the level of sulfates of 14 C-TB was decreased by 38.8% and that of its glucuronides was increased by 62.3%; the sulfate/glucuronide ratio was thus decreased to 0.468. A previous report showed that PPBA underwent glucuronidation in rats, 4) and PPBA was therefore assumed to inhibit the glucuronidation of 14 C-TB, resulting in the enhancement of its sulfation. However, the opposite results were obtained: the level of glucuronides increased and that of sulfates decreased.
RESULTS AND DISCUSSION
The incubation medium of isolated hepatocytes was applied to clarify the in vivo result. There are many difficulties in applying the in vitro condition to in vivo data. One important feature is whether the ambient concentrations of PPBA and second substrates like UDPGA and PAPS and cofactors like ATP and sulfuric ions satisfactorily reflect the in vivo condition, since these concentrations influence the sulfation/glucuronidation ratio. To determine this, PPBA concentrations in the tissues were first measured following the intravenous injection of 14 C-PPBA and 3 H-inulin; 3 H-inulin was used to calculate the intracellular concentration of PPBA in the liver by correction for inulin space. The resultant PPBA concentration in the plasma was 375 (Ϯ36) nmol/ml at 5 min after the injection, and 213 (Ϯ29) nmol/ml at 2 h. The intracellular PPBA concentration in the liver was 55.7 (Ϯ8.8) nmol/g liver at 5 min after the injection and 24.8 (Ϯ4.2) nmol/g liver at 2 h. PPBA was therefore added to the incubation medium on the basis of these data. To reduce the problematic factor of in vivo plasma protein binding, 1% BSA was added to the incubation medium. In preliminary experiments, sulfation appeared to saturate with sulfuric ions in the presence of a six-fold concentration of 14 C-TB, thus the concentration of Na 2 SO 4 was designed to be six times that of 14 C-TB. Figure 1 shows the effect of PPBA on sulfation and glucuronidation of 14 C-TB in isolated hepatocytes. The level of sulfates increased until 100 mM of PPBA and then decreased with further increase in this concentration up to 600 mM; the level of sulfates increased by 20.6% at 100 mM of PPBA and decreased by 33.3% at 400 mM, which reflected the in vivo concentration in the plasma (pϽ0.05). The glucuronide of 14 C-TB decreased until 100 mM of PPBA and then increased with further increase in PPBA concentration until 600 mM; the level of glucuronide decreased by 24.1% at 100 mM of PPBA and increased by 75.5% at 400 mM (pϽ0.05). The change in both sulfation and glucuronidation at low PPBA concentrations is assumed to be due to the competitive consumption of UDP-glucuronic acid. There is also a possibility that PPBA was catalyzed with UDPGT isozymes specific for the flat phenolic compound, resulting in the decrease of the glucuronidation of 14 C-TB. Table 2 shows the effect of PPBA on the leakage of cytoplasmic enzymes in the isolated hepatocytes. No significant leakage was observed at 150 mM of PPBA, which covered the intracellular concentration of PPBA in the liver. Exposure of PPBA at 400 mM, which reflects the in vivo concentration in the plasma, resulted in significant leakage of the enzymes: the level of GOT increased by 16.3%, that of GPT by 14.5% and that of LDH by 17.8% (pϽ0.05). Exposure of PPBA at 600 mM also showed a significant leakage of the enzymes. These results indicate that PPBA at high concentrations injures cell membranes, followed by the leakage of cytoplasmic enzymes. Therefore, the sulfotransferase located in the cytosol is assumed to leak into the medium through the injured cell membrane, partly contributing to the decrease in sulfation.
Surfactants having cell membrane injury effects are known to enhance UDPGT activity.
2) Considering that PPBA injures the cell membrane, PPBA may also possibly enhance UDPGT activity. Thus the effect of PPBA on this enzyme was examined using hepatic microsomes preincubated with PPBA. As shown in Table 3 , pretreatment of microsomes with 600 nmol/ml of PPBA enhanced glucuronidation by 59.6%. However, no significant effect was observed in pretreatment with 60 nmol/ml of PPBA, which covered the intracellular PPBA concentration in the liver. Pretreatment of cytosol preparations with PPBA did not have any significant effect on sulfation. PAPS, a cofactor for sulfation, is synthesized from ATP in mitochondria; therefore, the influence of PPBA on ATP synthesis is associated with the degree of the sulfation of TB. This influence was thus examined in the hepatocytes incubated with PPBA. ATP amounts in the presence and absence of PPBA were 12.4 (Ϯ1.9) nmol/10 6 cells and 14.2 (Ϯ2.8) nmol/10 6 cells, respectively, showing no significant difference between the two systems (pϾ0.05); therefore, PPBA is assumed not to influence ATP synthesis. These results suggest that the intracellular PPBA levels, which were lower than the plasma PPBA levels, had no significant influence on the intracellular factors associated with the two conjugations. It is concluded that PPBA in the plasma injures cell membranes and causes a leakage of sulfotransferase; however, UDPGT embedded in the microsomal membranes, a huge cellular component, did not leak from the cell membrane. This difference between the two enzymes is assumed to bring about the decrease of sulfation and the increase of glucuronidation: TB amount which was not conjugated with sulfate due to the leakage of sulfotransferase was catalyzed with UDPGT, resulting in the glucuronide increase.
There are many isozymes of sulfotransferase and UDPGT which catalyze specifically with substrates. This study used 14 C-TB for the measurement of both conjugations since the ratio of the two conjugates was adequate to determine the change of conjugation; therefore, the data of this study show the conjugations specific for 14 C-TB. The isozymes of sulfotransferase located in the cytoplasmic fraction and those of UDPGT in the microsomal membranes. 9) Thus the results using 14 C-TB would apply qualitatively to other chemicals which are catalyzed with various isozymes of both enzymes. Table 4 shows the influence of biphenylcarboxylic acid analogs on sulfation and glucuronidation after the intravenous injection of these chemicals at the dose of 50 mmol/kg. The lowest effect was observed in o-benzoylbenzoic acid and similar effects in other compounds. The low effect of o-benzoylbenzoic acid is assumed to be associated with the conformation in which carboxylic acid faces the benzoyl group in a nearly perpendicular relationship, 5) which would reduce the injurious effects of carboxylic acid.
The effect of liver damage on both conjugations was studied using acetaminophen. A chronic treatment of this drug increased glucuronidation, but did not change sulfation. 1) These effects were associated with a cellular mechanism leading to necrosis like plasma membrane lysis, oxidant stress, and ATP depletion.
10) The present study, however, showed different results: decreased sulfation and no depletion of ATP. Therefore, the mechanism of the effects of acute liver damage on both conjugations is assumed to be different from that of necrosis on them. The results of this study will be useful for analyzing the toxicity data of chemicals when administered with biphenylcarboxylic acid analogs; chemicals which are only detoxicated by sulfation increase in toxicity. Spahn-Langguth and Benet 11) reported that glucuronidation promoted tumor formation and the development of immune hepatitis. Therefore, the increases in glucuronidation of some chemicals may induce toxicity. The degree of change of the two conjugations depends on enzyme kinetic characters (K m , V m ) of chemicals and their dose amounts; thus, study using further experiments will require quantitative determination of the change of these conjugations. 
